Abstract: It is not easy to manipulate biosynthetic genes of Bacillus thuringiensis since there is a powerful methyl-specific restriction system in this microorganism. In this study, a PCR-based system was used to delete polyphosphate kinase gene (ppk) of Bacillus thuringiensis israelensis (Bti) by replacing the wild-type gene with a cassette containing the apramycin resistance gene as selectable marker. λ-Red was used to promote recombination in Escherichia coli between a PCR-amplified apramycin resistance cassette (linear deletion cassette selectable in E. coli and Bti) and Bti DNA on a plasmid. The isolated mutant plasmid was transferred to Bti by conjugation. Double cross-over transformants were screened for their antibiotic resistance and the mutation was proven by PCR, southern blot hybridization and RT-PCR. The described method, which uses the advantage of quick plasmid construction in E. coli and simple transformation of linear deletion cassette, is very useful to delete entire gene/genes of Bti without any polar effects on genes transcriptionally downstream.
Introduction
Bacillus thuringiensis, which is the main agent used for biological control of insects, is produced commercially and has always been the subject of extensive biochemical and genetic research. Bioinsecticides based on B. thuringiensis are especially important for the control of insect species among the orders Lepidoptera, Diptera and Coleoptera (Crickmore et al. 1998) . Although many genetic tools have been developed, gene replacement remains labour intensive in Bacillus. Gene disruption is usually the method of choice to manipulate biosynthetic genes of B. thuringiensis (Delecluse et al. 1991; Poncet et al. 1993; Salamitou et al. 2000) . Klimowicz et al. (2010) have used sequential gene replacement to replace the wild-type copies of genes with copies that contained internal deletions.
Here, we describe a PCR targeting-based gene deletion protocol (Datsenko & Wanner 2000) adapted to industrially important strainBacillus thuringiensis subsp. israelensis (Bti). This protocol permits the deletion of the entire gene and avoids polar effects on genes transcriptionally downstream. The system was based on recombination between a PCR-amplified antibiotic resistance cassette (selectable in Escherichia coli and Bti) on a plasmid and Bti chromosomal DNA. Recombination, which requires the phage λ Red (gam, bet, exo) recombinase, was achieved in E. coli strain. The inclusion of an origin of transfer (oriT; RK2) (Gust et al. 2003) in the disruption cassette allows the intergeneric transfer of PCR-targeted plasmid DNA from E. coli to Bti, readily yielding exconjugants with the desired gene replacement. This strategy also allows the elimination of the disruption cassette by FLP recombinase-mediated site-specific recombination (Cherepanov & Wackernagel 1995) .
In this study, polyphosphate kinase gene (ppk), which encodes the key enzyme of polyphosphate metabolism, has been deleted from the Bti chromosome by this methodology.
Material and methods

Bacterial strains, plasmids and growth conditions
The bacterial strains and plasmids used in this study are listed in Table 1 . Bti ATCC 35646 and E. coli strains were grown in Luria Bertani (LB) [1% (w/v) NaCl, 1% (w/v) tryptone and 0.5% (w/v) yeast extract] liquid and solid medium at 30 Datsenko & Wanner 2000) was used to propagate the recombination plasmid pIJ790 and the plasmid pSK6500. The E. coli ET12567 (MacNeil et al. 1992) containing the RP4 derivative pUZ8002 (Paget et al. 1999 ) was used as the non-methylating plasmid donor for intergeneric conjugation with Bti ATCC 35646. Where appropriate, an- tibiotics were added to growth media at the following final concentrations: ampicillin (Ap; 100 µg/mL), apramycin (Apr; 50 µg/mL), chloramphenicol (Chl; 25 µg/mL), erythromycin (Er; 25 µg/mL), kanamycin (Kn; 50 µg/mL) and polymyxin B (60 units per mL) were added to growth media as required.
DNA procedures
Isolation of plasmids, restriction enzyme digestions, ligation and agarose gel electrophoresis were performed according to standard molecular biology techniques (Sambrook et al. 1989 ). Plasmids were transformed in E. coli strains by standard chemical method (Sambrook et al. 1989) . Isolation of Bacillus total DNA was done according to Bone & Ellar (1989) . Southern hybridization (Southern 1975 ) was carried out with probes labelled with digoxigenin using a random priming kit (DIG DNA labelling mix; Roche Biochemicals, Basel, Switzerland).
Gene deletion 6567 bp fragment of Bti genome, containing the ppk gene, was amplified by PCR using the primers F-6500: 5'-GGAATGATAGACGTGAGAGCGG-3' and R-6500: 5'-AGCGATTTACATCTTGGATACTA-3'. This fragment was then cloned into EcoRV sites of pBluescript SK(-) and named as pSK6500 in this study. The gene disruption cassette aac(3)IV (Apr R ) and the oriT were amplified from pIJ773 (Gust et al. 2003 ) using the primers F-Apra: 5'-attaactaaattatagtaaaaaagtttcaaggggaagtgATTCCGGGG ATCCGTCGACC-3' and R-Apra: 5'-acctcttatagacataagag gtttttacttttttcattaTGTAGGCTGGAGCTGCTTC-3' [forward and reverse primers have 39 identical nucleotides with the upstream and downstream region of the ppk gene of Bti chromosomal DNA, respectively (lowercase in both primers) and 20 or 19 identical nucleotides with pIJ773 DNA, respectively (uppercase in both primers)]. E. coli BW25113/pIJ790 bearing plasmid pSK6500, was transformed with disruption cassette. Mutant plasmid (pSK∆ppk) on which the ppk gene is replaced with aac(3)IV was verified by restriction analysis. In order to differentiate single crossover mutants from double crossover ones, erythromycin resistance gene was amplified from pHT315 (Arantes & Lereclus 1991) using F-Ert: 5'-ATAAGAAT GCGGCCGCTAAACTATCTTAGAAGCAAACTTAAG AG-3' (NotI cutting site is bold and underlined) and RErt: 5'-GACTAGTCATCGATACAAATTCCCCGTAG-3' (SpeI cutting site is bold and underlined) primers and cloned into NotI-SpeI site of pSK∆ppk. Then the new plasmid, pSK∆ppk-ermB, was used to transform non-methylating E. coli ET12567 containing the RP4 derivative pUZ8002 (Paget e al. 1999) . Later the mutant plasmid (pSK∆ppk-ermB) was transferred to Bti by conjugation.
Conjugation procedure
Conjugation experiments were performed according to Janes & Stibitz (2006) with small modifications. Overnight cultures of Bti grown in brain heart infusion (BHI) broth (Difco) and E. coli ET12567/pUZ8002 (containing pSK∆ppk-ermB) grown in 50 mL of LB medium supplemented with Er (300 µg/mL), Kn (50 µg/mL), Chl (25 µg/mL), Apr (50 µg/mL) and Ap (100 µg/mL) were washed two times with LB medium. Then both pellets were resuspended in 1 mL LB medium separately. Various amounts of each suspension (300-700 µL, final volume 1 mL) were mixed, then centrifuged at 14000 rpm for 2 min. Each pellet was resuspended in 200 µL LB medium and spreaded onto a BHI agar plate and allowed to dry. The plates were incubated at room temperature for 24 h. Cells were removed with a spatula from the surface of agar medium and suspended in 300 µL LB medium. 150 µL was spread onto BHI agar containing Er (25 µg/mL) and polymyxin B (60 units per mL) and the rest was spread onto BHI agar containing Apr (50 µg/mL) and polymyxin B (60 units per mL). Plates were incubated for 48 h at 30
• C. Double-crossover mutants were screened by Apr resistance and Er sensitivity. Since after several trials no doublecrossover mutants were obtained from screening, one of the Apr R and Er R transformants, which is presumed to contain the entire plasmid integrated into the chromosome by a single crossover event, was passed through five-ten rounds of non-selective cultivation in LB to facilitate the second crossover. Mutation was verified by PCR analysis by using F-ppk: 5'-GTGAACAGTCTGCATTAGC-3' and R-ppk: 5'-GCCGCCAGCACCTTATCC-3' and by Southern blot hybridization.
Transcriptional analysis
InnuPREP RNA mini kit (Analyticjena, Jena, Germany) was used for RNA extraction. DNA contamination was removed from RNA samples by using deoxyribonuclease I (Fermentas, Maryland, USA). The transcription patterns were analyzed by AccuScript High-Fidelity 1 st Strand cDNA Synthesis Kit (Stratagene, Santa Clara, Canada) by using 300 ng total RNA as the template. To analyse the ppk expression, Fppk 5'-AGAGCAGCGAGAATTTATAG-3' and Rppk 5'-TAAATCTAATGGCCCATCCA-3' primers were used. As control of RNA loading amount, F16S 5'-AGCGGTGGAGCATGTGGTTTA-3' and R16S 5'-GTGG TGTGACGGGCGGTGTGT-3' primers were used. Conditions were as follows: first-strand cDNA synthesis, 42
• C for 60 min followed by heating at 95 of primers used) for 30 s, and 68
• C for 1 min. Each PCR product was checked by direct sequencing.
Results
Deletion of ppk gene by a PCR based method
A PCR based gene deletion protocol (Datsenko & Wanner 2000) was adapted to industrially important strainBacillus thuringiensis subsp. israelensis in this study. The system was based on recombination between a PCR-amplified antibiotic resistance cassette, which is selectable in E. coli and Bti, and Bti DNA on a plasmid. First 6567 bp fragment of Bti genome, containing the ppk gene, was amplified by PCR ( Fig. 1) and was cloned into EcoRV sites of pBluescript SK(-). New plasmid was named as pSK6500 in this study (Fig. 2) . To amplify the Apr resistance cassette, gel-purified disruption cassette was used as template instead of the whole plasmid (pIJ773) to prevent the occurrence of false positives. Two long PCR primers (58 nt and 59 nt) were designed as each has at the 5'-end a 39 nt matching the Bti sequence adjacent to the ppk gene and a 3'-sequence (19 nt or 20 nt) matching the right or left end of the disruption cassette. Replacement of the ppk gene by disruption cassette in plasmid pSK6500 was achieved by introducing a PCR-amplified, tailed gene disruption cassette by transformation into E. coli BW25113/pIJ790 containing pSK6500. The λ Red (gam, bet, exo) genes (coming from pSK6500) colonies were obtained. Plasmid was isolated from one of the transformants and restriction analysis showed that it contains the desired gene replacement (Fig. 3) . This new plasmid is called pSK∆ppk in this study (Fig. 2) . Since the bla gene is not a selectable marker for Bacillus, Er resistance gene from pHT315 (Arantes & Lereclus 1991) was cloned into Not I-SpeI site of pSK∆ppk to give pSK∆ppk-ermB (Fig. 2) . Cloning of the ermB gene into pSK∆ppk was confirmed by restriction analysis (Fig. 4) .
Since the target Bti for mutagenesis carries a methyl-sensing restriction system, pSK∆ppk-ermB containing an Apr resistance-oriT cassette was needed to be passed through a non-methylating E. coli host. To achieve this, the plasmid was introduced by transformation into the non-methylating E. coli ET12567 containing the RP4 derivative pUZ8002. pSK∆ppk-ermB was then transferred to Bti by intergeneric conjugation. Vectors containing oriT are mobilizable in E. coli by the non-transmissible pUZ8002, which lacks a cis-acting function for its own transfer. Once in Bti, pSK∆ppk-ermB does not replicate autonomously, but the long regions of sequence identity in the inserts promote efficient integration by homologous recombination. After conjugation between ET12567/pUZ8002 and Bti, most of the colonies were Er R , Apr R and presumably contained the entire plasmid integrated into the chromosome by a single crossover event. All our attempts to obtain Er S and Apr R exconjugants were failed. One of the Er and Apr resistant colonies (single crossover) was selected and passed through five-ten rounds of non-selective cultivation in LB to facilitate the second crossover. By screening for concomitant loss of Er resistance, we obtained a desired Bti clone, called as Bti ∆ppk, with desired gene deletion. The protocol is summarized in Figure 2 . Mutation was verified by PCR ( Fig. 5) and Southern blot analysis (Figs 6,7) for two independent Apr R , Er S Bti clones. As can be seen in Figure 5 , 2.5 kb ppk fragment was amplified when Bti chromosome was used as the template. When Bti ∆ppk chromosome was used as the template, 1.8 kb DNA fragment belonging to Apr cassette was amplified instead of ppk gene. ∆ppk mutation was verified by Southern hybridization of EcoRV digested chromosomal DNA (Fig. 6) . A hybridization band of 6.1 kb was obtained only for the wild-type strain with a ppk fragment (1481 bp) as a probe (Fig. 7a) . A hybridization band of 5.4 kb was obtained for the mutant strains with a aac(3)IV fragment (1369 bp) as a probe (Fig. 7b) . By RT-PCR analysis we showed that ppk gene does not express in Bti ∆ppk strain (Fig. 8) . Vagner et al. (1998) have developed a one-step gene inactivation protocol for Bacillus subtilis via non-replicative vector called pMutin. According to this method the target gene is inactivated by chromosomal integration of the whole vector, which contains an internal fragment of the target gene, via a single crossover event. A method, which combines site-specific recombination system (Cre/lox system) (Abremski et al. 1983 ) and high-fidelity fusion PCR method (Shevchuk et al. 2004 ) was developed to introduce unmarked mutations into the B. subtilis genome (Xin et al. 2008) . Fabret et al. (2002) described a protocol based on the use of upp, which encodes uracil phosphoribosyl-transferase, as a counterselectable marker to engineer B. subtilis genome.
Gene disruption is usually the method of choice to manipulate biosynthetic genes of B. thuringiensis (Delecluse et al. 1991; Poncet et al. 1993; Salamitou et al. 2000) . In this study. to manipulate Bti genes easily, we used a recombination methodology (Datsenko & Wanner 2000) in which allelic exchanges on the Bti chromosome can be achieved by recombination with a selectable marker flanked by only short stretches of nucleotides homologous to the desired region of the chromosome, when either Redα/Redβ of phage λ is present in the targeted strain. This system has been successfully applied in other bacteria, such as Salmonella, Yersinia and Streptomyces (Uzzau et al. 2001; Gust et al. 2003; Tunca et al. 2007; Sun et al. 2008) . The method uses the advantage of quick plasmid construction in E. coli and simple transformation of linear deletion cassette. λ-Red was used to promote recombination in E. coli between a PCR-amplified Apr resistance cassette (linear deletion cassette selectable in E. coli and Bti), in-cluding the origin of transfer (oriT) from RK2, and Bti DNA on a plasmid (pSK6500). The template to amplify gene deletion cassette was the 1382 bp EcoRIHind III fragment of pIJ773 (Gust et al. 2003) . Linear Apr resistance cassette was introduced into E. coli BW25113/pIJ790 containing pSK6500. Cells were then grown in the presence of 10 mM arabinose to induce λ-Red genes present on pIJ790, and recombinants Apr R , Chl R and Amp R were selected. Isolated mutant plasmid (pSK∆ppk) was verified by restriction analysis. Then Er gene (ermB) was cloned into pSK∆ppk giving rise to pSK∆ppk-ermB. After verification by restriction analysis, pSK∆ppk-ermB was introduced into the donor strain ET12567/pUZ8002 and the mutant plasmid was transferred to Bti by conjugation. As the plasmid cannot replicate autonomously in Bti, it can only be maintained if it integrates by homologous recombination.
In conclusion, we used a PCR based protocol to delete one of the genes (the ppk) of Bti. This method does not rely on in vitro manipulations using restriction enzymes or DNA ligases and can efficiently recombine sequences with homologies as short as 36-50 base pairs. Moreover, this protocol permits the deletion of the entire gene, avoids polar effects on genes transcriptionally downstream and allows the elimination of the deletion cassette by FLP recombinase-mediated site-specific recombination (Cherepanov & Wackernagel 1995) .
